Several methods were compared to treat heat treatment liquor on a municipal wastewater treatment plant, to reduce loading and allow upgrading.
INTRODUCTION
After being introduced in the late 60's (Young and McCarty, 1969) , anaerobic treatment is now a well established process for concentrated industrial wastewaters (Audic et ai, 1987) . Nevertheless, polishing is often necessary especially to improve solids liquid separation (Oedegaard, 1988) . One solution to reduce residual suspended matter is more advanced settling incorporated into the reactor, (Rogalla et aI., 1988) , or to use granular biofiltration (Begashet and Florentz, 1985) .
For sludge treatment liquor, which is a major load factor in most wastewater treatment plants, several methods of treatment have been developed. The return flow is highly loaded and biodegradable (Everett, 1972) . Aerobic treatment has been proposed, (Loll, 1977) , but anaerobic treatment seems more economical (Young, 1969) . Sludge blanket reactors have been used (Kimata et al. 1990 ), fluidised beds (Pugh et ai, 1987) and plastic carriers combined with suspended biomass (Crawford, 1982) The latter also allows to obtain a high biomass concentration by fixed bacteria. To obtain the same effect without carrier material, membranes have been proposed (Anderson et al, 1986) . In aerobic treatment as well, high biomass concentration is a major goal to obtain high-rate processes (Krauth and Staab, 1988) . This treatment has firSt been applied in special cases in building wastewater recycle. (Audic et a1.) .
Membranes also become popular for leachates (Wagner, 1989) , that resemble sludge treatment liquor in pollution concentrations, consistence and appe arance and for which anaerobic biofilms are also applied ( Henry, J.O. 1987) . The type of membrane in waste treatment can vary ( Yamamoto, 1989) , ranging from microfiltration (Cabassud, 1986) to ultrafiltration (Roulet, 1989) .
The objective of this paper is to compare several methods to treat heat treatment liquor on a municipal wastewater treatment plant to reduce loading and allow upgrading.
CHARACfERISTICS OF THE EFFLUENT
Heat treatment liquor, also called Porteous liquor, results from thickening and dewatering of digested sludge after heat treatment (200°C, 15 to 18 bar during 1.3 h). The reason for heating the sludge is to increase the solids content of the dewatered sludge cake without chemicals. The liquor was drawn from Acheres sewage treatment plant near Paris to be used in pilot reactors in the plant or in the nearby research center in Maisons Laffitte. In Acheres treatment line, Porteous liquor is sent back to the primary settler. This causes a h i gh return load of soluble pollution, especially high nitrogen and phosphorus to treat it separately, in an aerobic or anaerobic biological reactor. In order to reduce the impact of the return liquor, like oxygen consumption and odors, separate treatment was tried.
TREATMENT TECHNOLOGIES
To ensure low suspended solids in the return flows, granular anaerobic filters were chosen in parallel with membrane treatment. Fig. 1 shows the 3 pilot flowschemes used:
-anuptlow wood-based charcoal anaerobic filter (grain size 2 to 5 mm ) -an upflow floating polystyrene anaerobic filter (bead size 2 to 3 mm ) -an aerobic reactor (activated sludge) coupled with microfiltration ( 0.2 11m pore size) Description of the biofilters. A charcoal biofilter was used first (Fig. 1) . It is an upflow granular filter, 0.5 m diameter, filled with 1.5 m charcoal. It is a non-floating media. Then a Biostyr filter has been tested (0.2 m 2 , 1.9 m filled). It contains polystyrene beads, 3 mm diameter, with low density, floating. This system has been optimised and is now used on an industrial scale for COD and nutrients removal i n large sewage treatment plants (Rogalla, 1991) .
With high specific surface exposed to biological colonisation, and fine granulometry, the biofilters combine in one unit the biological reaction that degrades pollution and the phase separation that removes the matter transformed by the purification. Operations. Bacteria colonisation was realised with diluted liquor together with river water. Liquor concentration was increased up to 50% (COD = 4000 mg/l). Mixed liquor was stored during 1 or 2 days before being introduced into the filter. Temperature was adjusted to 37°C, pH was 7 to 8. It is important to kee p the pH near neutrality to limit possible inhibition by NH 3 . Load was increased u p to 20 kg/m3.day. With high load there was still a risk of killing the biomass and dro pp ing the efficiency to zero. Operations were conducted over 2 years on each biofilter.
Liquid velocity through the filter was 0.5 to 1.0 m/h. Due to biomass develo p ment and p anicles trapping,headloss increases until the filter has to be backwashed. Headloss increase was found to be 0.25 cm/day for 0.9 m/h liquid velocity and 14 kglm3.day (one backwash every 10 days).
Description of membrane pilot. The pilot plant, shown in Fig. 2 is composed of a mixed biological reactor connected to a microfiltration unit.
The aerobic reactor has a 90 I working volume, the temperature is maintained at 20°C, and the air flow rate is 200Vh . During all experiments, excess permeate, concentrate from the microfiltration loop, and purge from the backwash are returned to the reactor . Excess sludge is drawn out to maintain a constant solid concentration . Samples are collected at three different points indicated in Fig. 2: (1) influent , (2) activated sludge, (3) permeate .
Operations. The aerobic reactor is seeded with waste activated sludge which has been adapted for the porteous influent treatment .In order to adapt biomass, the pilot is first fed with porteous mixed with wastewater, and then after 15 days with porteous alone.
Biomass concentration in the bioreactor is plotted in Fig.3 . It varies around 2 kg/m 3 (1 to 3kg/m 3 ).Mass specific load (F/M) averages 0.5kg/kgT SS d .The contact time lasts seven days.
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• . Anaerobic reactors allow to treat highly concentrated effluents in a detention time of 10 h but COD removal efficiency was limited to 60 %. The higher contact time of up to 7 days in aerobic treatment achieves elimination of 85 % of COD and 95 % of BOD. Nevertheless. loading rates and biomass concentrations remained low and flux on the membranes was heavily restricted. Investigations are under way to couple anaerobic biofilters with membranes and to compromise between effluent quality and energy needs.
